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EFFECTS OF SEASON 
AND INTENSITY OF USE 
ON DESERT VEGETATION 
C. WAYNE COOK 
INTRODUCTION 
Desert ranges of the Great Basin area support about 9 million 
cattle and sheep for 5 to 6 months each winter . . Many of these 
same ranges are used by cattle year-long. 
If forage is not available on desert ranges, livestock have to 
be wintered on farmsteads or in feedlots after they are forced 
from the mountains and foothills by snow. Since feeding during 
the winter is expensive and reduces the economic efficiency of 
the range livestock operation, there is real advantage in properly 
managing the desert ranges and conserving the supply of forage 
for winter grazing. 
Managing desert ranges for the greatest productivity requires 
a basic knowledge of the physiological reaction of plants to 
grazing. Knowledge of the effects of various grazing intensities 
at the different seasons of the year is necessary to establish pro-
per management practices. Desert vegetation generally grows 
only during the spring and is in a state of dormancy during the 
remainder of the year. Thus, the influence of defoliation on plant 
phy~iology is more pronounced at one season than another. 
The nutritional intake of grazing animals depends on the 
chemical composition of the available forage species and the 
grazing intensities. Most desert forages are low in nutrients in 
fall and winter because of their long period of dormancy. Heavy 
grazing also may decrease their nutritional value because coarser 
material is consumed. 
Changes in vigor generally precede changes in the plant com-
position; therefore, vigor measurements can be a useful tool to 
the range manager in predicting initial changes in plant composi-
tion. Changes in vigor, however, are difficult to detect and are 
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useful only to the degree that they can be measured accurately. 
Because there is a history of range abuse throughout the 
western states, it is not only important for the land manager to 
understand how improper use may affect the condition of the 
range but also to understand how management may affect the 
recovery of range plants from a lowered state of vigor. The re-
covery rate of abused desert ranges is slow because of low pre-
cipitation and a limited growing period. This is an extremely 
important consideration in their management. 
The primary purpose of this study was to determine the 
effects of season and intensities of herbage remove! on the phe-
nological and chemical response of major desert species of the 
Great Basin and to determine the rate of recovery of plants in 
various states of lowered vigor. 
REVIEW OF LITERATURE 
The comparative chemical composition of forage plants and 
the physiological response of forage plants to herbage removal 
has been studied extensively. These studies have, however, been 
confined largely to domestic pasture plants during the active 
growing season. Much more attention has been given to grasses 
than to forbs and shrubs. Few studies, however, have evaluated 
the effect of harvesting treatments on the physiological response 
or the change in nutritive value of desert vegetation. 
Season, frequency, and intensity of herbage remove! have 
different effects on the physiology of different plant species. Fre-
quent clipping during the growing season at moderate and light 
levels was found to stimulate growth of the shortgrass species, 
but was harmful to associated mid-grass species (Albertson et 
al., 1953; Lang and Barnes, 1942). Other studies showed that 
late fall and early spring clipping treatments did not noticeably 
affect the vigor of grasses and forbs if a normal growth cycle 
occurred before or after clipping. However, clipping which pre-
vents completion of a normal growth cycle decreases plant vigor 
(Blaisdell et al., 1952; McCarty and Price, 1943; Stoddart, 1946). 
Winter clipping appears to have variable effects on shrubs. 
Studies in Nevada (Eckert, 1954) on winterfat (Eurotia lanata) 
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showed that winter clipping at light, moderate, and heavy inten-
sities did not prevent the production of viable seeds the following 
spring and summer. However, all intensities of clipping in the 
summer prevented seed production the following year. Garrison 
( 1953) found that clipping browse species at light, moderate, 
and heavy intensities annually during the winter months stimu-
lated twig production to the detriment of flower and fruit pro-
duction the following growing season , After a few years of heavy 
clipping, however, there was a reduction in the vitality of all 
treated shrubs. 
The nutrient content of different plant species during the 
growing season varies. There is general agreement among investi-
gators that range grasses and forbs are high in protein and phos-
phorus in early growth stages, but as the season advances these 
nutrients decrease to a low level ( Cook and Harris, 1968). Cellu-
lose, crude fiber, and lignin exhibit somewhat the opposite trend; 
they are relatively low in early stages of growth and high at 
maturity. Seasonal changes of other important nutrients are 
variable. Studies indicate that the nutrient content of shrubs 
does not undergo as great a seasonal change as does that of forbs 
and grasses. Shrubs maintain higher levels of protein, fat, cal-
cium, and phosphorus during the winter than do grasses and 
forbs, but grasses are higher in cellulose and crube fiber ( Cook 
et al., 1954; Cook and Harris, 1950, 1968). The nutrient content 
of shrubs does not change materially during the winter, whereas, 
in grasses appreciable quantities of nonstructural carbohydrates, 
calcium phosphorus, and ether extract may be lost by leaching. 
Intensity and frequency of clipping change the nutritive value 
of harvested material of plants . Frequent harvesting of grasses 
during the summer may produce leafier plants, which are higher 
in protein and lower in crude fiber (Hopper and Nesbitt, 1930; 
Sampson and Malmsten, 1926; Cook et al., 1958). Heavy grazing 
of salt-desert ranges by sheep during the winter appears to de-
crease the protein, phosphorus, cellulose, and gross energy and 
increase the lignin in the diet. Evidently the sheep consume 
coarser material with heavy use (Cook et al., 1958). 
There is little information dealing with the chemical content 
of the tips of stems compared to lower portions. Aldous (1945) 
.found that twigs of bitterbrush (Purshia tridentata), clipped at 
short lengths, contained more protein, fats, and carbohydrates 
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than twigs cut at longer lengths. Hardison et aL, (1957) found 
that dry matter in the bottom portion of the alfalfa plant was 
only 87 percent as digestible as that in the top portion. As the 
stage of growth advanced, digestibility of dry matter in the base 
decreased at the rate of 0.6 percent per day, but digestibility of 
the top portion remained unchanged. 
Studies by Cook et al., (1953) and Pieper et al., (1959) 
showed that on ranges producing a single forage species, increased 
intensity of grazing decreased the nutrient content of the diet. 
On ranges supporting mixed forage species, however, change in 
use from one species to another accompanied by increased graz-
ing intensity actually increased the nutrient intake in some cases. 
Cook et al. (1950) found that forage on good ranges remaining 
after grazing was coarser and lower in nutrient content. This 
was a result of livestock selecting the more tender portions of 
the plants. Continued grazing caused still greater reductions of 
nutrients in the rejected material on the area. 
Range technicians do not agree on the usefulness of plant 
vigor as an indicator of grazing disturbances. The principal ob-
jections are: (1) vigor may be modified by growing conditions, 
(2) plants on depleated ranges may exhibit more vigor after a 
short omission of grazing than the same species in a protected 
area, and (3) vigor is difficult to measure (Dyksterhuis, 1949; 
Humphrey, 1949; Parker, 1954). Other investigators regard 
change of vigor as one of the important indicators of change in 
range condition since it is frequently the first response to a 
change in management (Johnson, 1956; Pechanec, 1945; Short 
and Woolfolk, 1945; Weaver and Darland, 1947). 
Investigators have attempted to measure vigor by many dif-
ferent methods. Some have used a qualitative approach by as-
signing numerical vigor ratings to plants based on normal com-
pletion of its life cycle, the number and leafiness of seed culms 
of grasses, or on the general appearance of the plants (Braun-
Blanquet, 1932; Kneebone and Cremer, 1955; and Cook et. al., 
1958). 
Many investigators have accepted measurements of changes 
in physical plant characteristics as indexes to a change in vigor . 
With the use of regression and correlation analysis, Cook and 
4 
Goebel ( 1962) showed that leaf length had a high degree of 
association with vigor in grasses and length of twig growth had 
a high correlation with vigor in browse. In both cases, the de-
pendent variable was crown cover. Leaf height, basal area, and 
number of flower stalks of Idaho Fescue (Festuca ldahoensis) 
were found by Hurd ( 1959) to account for 86 to 94 percent of 
the variation in herbage weight which was used as the dependent 
variable as an expression of vigor. A correlation between height 
growth of leaves of palatable plants and intensity of past grazing 
use was observed by Johnson (1956). Others also have main-
tained that various height growth measurements can reflect vigor 
(Nelson, 1934; Hull, 1944; Holscher, 1945; Arnold, 1955; and 
Heady, 1957). However, Blaisdell and Pechanec (1949) and 
Gullakson et al. (1964) found height of growth to be an un-
reliable indicator of vigor. 
Additional measurements of vigor have included normal crown 
or herbage cover of plants, caryopses per flowering stalk, and e_n-
alysis of organic food reserves in the plants (Aldous, 1930; 
Neiland and Curtis, 1956; Goebel, 1960; and Goebel and Cook, 
1960). Length, weight, and diameter of roots have also been 
included (Weaver, 1950; Weaver and Darland, 1947). 
Most commonly used vigor measurements · are length of vege-
tative stems and seedstalks, length and width of leaves, number 
of leaves, number of seedstalks, crown diameter, basal area, herb-
age cover, and herbage weight (Sampson and Malmsten, 1926; 
Debano, 1957; Pond, 1960; Goebel, 1960; Goebel and Cook, 1960; 
Cook et al., 1962, and Hazell, 1965). 
There is general agreement that more frequent and more in-
tense defoliation treatments or heavy grazing reduce the quantity 
of food reserves. In a study of southern African grasses by Wien-
mann (1944), concentration of C8fbohydrates in the roots did 
not always vary with intensity of defoliation but weight of the 
roots and quantity of carbohydrates did. The effect of defoliation 
is accentuated if a large proportion of the foliage is removed, re-
peated at more frequent intervals, or is carried out at critical 
times of the year. Sullivan and Sprague (1953) found that ef-
fects of defoliation upon carbohydrate leaves at the end of the 
growing season depended upon the proportion of the photosyn-
thetic tissue allowed to remain after each cutting plus the number 
of cuttings. Trlica (1971) found that season of defoliation had 
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a prnfound effect upon carbohydrate reserves at the end of the 
growing season. 
Many authors have reported that the concentration of reserve 
carbohydrates in the underground organs at the end of the grow-
ing season is in proportion to the number of defoliations during 
the growing season or in inverse proportion to the length of the 
interval between the defoliations (Thaine and Heinrichs, 1951; 
Klapp, 1937; Weinmann, 1943, 1944, 1947, 1949; Thaine, 1954). 
In his work with Russian wildrye, Thaine (1954) found that the 
percentage of carbohydrates was lowest in the most frequently 
clipped plants. The reserve decline was 30 percent greater in 
the roots and 17 percent greater in the crowns and stubble than 
the unclipped. 
Few studies have dealt with measuring the recovery of range 
plants from a lowered state of vigor. Hormay and Talbot ( 1961) 
measured recovery of Idaho fescue (Festuca idahoensis), squir-
reltail grass (Sitanion hystrix), wooly wyethia (Wyethia mollis), 
and longspur lupine ( Lupinus spp.) after four years of continuous 
clipping at the seed-in-milk stage. No flower stalks were pro-
duced during the first year of rest indicating that the plants were 
low in vigor. In comparing treated plants with those that had 
not been clipped, they found that moderate to high production 
was obtained in the second year of rest and full production in 
the third year. However, after 4 years of rest, there was little 
or no recovery of original basal area of the four species studied. 
It was observed by Albertson et al. (1953) that recovery of 
short grasses in Kansas was extremely slow following 6 years of 
close clipping. Their measurements showed that total yield, 
height, and density of grasses were less than normal even after 
3 years without disturbance . 
DESCRIPTION OF STUDY AREA 
The study areas were three separate lacustrine valleys which 
were once covered by glacial lakes. These valleys represent typi-
cal desert areas of the Great Basin region (figure 1). The domi-
nant shrub species occupy large areas varying from almost pure 
stands to complex mixtures of both shrubs and grasses. 
The average floral composition of typical desert types in the 
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Figure 1. Top, big sagebrush with a sparse understory of grasses. Bottom, 
a grass-shrub type with Indian ricegrass, associated with sand dropseed 
grass (Sporobulus cryptandrusJ and needle-and-thread grass (Stipa 
comataJ. 
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Great Basin area is about 74 percent browse, 25 percent grass, 
and 1 percent forb. The most important shrub species are big 
sagebrush ( Artesmisia tridentata), black sagebrush ( Artemisia 
nova), shadscale ( A triplex confertifolia) , Nuttall saltbush (At-
riplex nuttallii), winterfat (Eurotia lanata), greasewood (Sar-
cobatus vermiculatus), rabbitbrush (Chrysothamnus spp.) and 
gray molly (Kochia vestita) . Some of the important grasses are 
Indian ricegrass (Oryzopsis hymenoides), squirreltail grass 
(Sitanion hystrix), galleta grass (Hilaria jamesii), and western 
wheatgrass ( Agrophyron smithii). A prominent forb is globe-
mallow (Sphaeralcea grossulariafolia). Common annual forbs 
are Russian thistle (Salsola kali var. tenuiflora) and halogeton 
(Halogeton glomeratus) . 
The climate of the study areas is semiarid with warm dry 
summers and cold winters. About 40 percent of the precipitation 
occurs during the winter as snow and the remainder occurs in 
spring, summer and fall as thundershowers ( table 1). The long 
time average annual precipitation over the study areas was 7.5, 
8.5, and 10.5 inches, respectively. Despite the differences in 
precipitation among the study areas, plant responses and growth 
cycles were comparable. 
The minimum and maximum temperatures are about 13 and 
42 degrees F, respectively, during the 3 winter months and about 
50 and 84 degrees, respectively, for the 3 summer months. 
Soils vary in texture from heavy clays to sandy loams and 
sands. Parent materials are either of sedimentary origin or allu-
vial outwash from adjacent low mountain ranges . Extreme varia-
tions in amount of alkalinity and salinity are common. 
METHODS AND PROCEDURES 
Seven plant species were chosen for this study . They in-
cluded three browse: shadscale, big sagebrush, and black sage; 
two suffrutescent species: winterfat and Nuttall saltbush; and 
two grasses: Indian ricegrass and squirreltail grass. Individual 
plants were treated as one sampling unit in the browse and grass 
species, while plants within a 9.6-square-foot circular frame were 
used to delineate a sampling unit for the suffrutescent species. 
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Table 1. Average monthly and yearly precipitation in inches for the three study areas* 
Year Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Total 
1956 1.71 .37 .16 .70 1.43 .15 .72 .05 .03 .78 .20 .77 7.07 
1957 .51 .56 1.08 1.13 2.63 .70 .23 .55 .06 .29 1.18 .58 9.50 
1958 .47 1.14 1.22 .92 .56 .16 .58 1.12 .33 .01 1.00 .28 7.79 
1959 .78 .78 .29 .46 1.86 .86 .46 1.39 1.16 .21 .00 1.07 9.32 
1960 .73 1.13 .68 .36 .16 .44 .32 .33 .48 .87 .99 .40 6.89 
1961 .02 .47 .83 .14 .45 .32 .85 1.24 1.39 1.11 .66 .74 8.22 
1962 .61 1.01 .52 .81 1.48 .57 .64 .30 .58 .36 .19 .06 7.13 
C-0 1963 .83 .53 .68 1.64 1.23 1.83 .00 .40 1.11 .77 1.10 .49 10.61 
1964 .55 .22 .86 1.34 3.11 1.63 .06 .17 .16 .33 .57 1.68 10.68 
1965 .51 .38 .41 1.05 .73 1.37 1.28 2.58 .48 .12 1.89 .57 11.37 
1966 .23 .62 .18 .20 .75 .37 .35 .35 .59 .25 .70 .87 5.46 
1967 .72 .25 1.05 1.15 1.37 3.21 1.09 .34 .48 .28 .17 .54 10.65 
1968 .35 1.10 .92 .69 1.14 1.30 1.22 2.34 .37 .79 .54 .89 11.65 
1969 1.37 1.49 .04 .64 .21 1.32 .63 .55 .12 1.34 .48 .85 9 .04 
Average .67 .72 .64 .80 1.22 1.02 .60 .84 .53 .54 .69 .70 8.97 
• A correlation estimate of U. S. Weather Bureau data was used for Curleu and Rush Valleys prior to January 1961 and West Kelton prior to 
January 1962 . After these dates , precipitation was read from standard -type gauges located in the experimental enclosures . 
Ten units of each species were clipped at each intensity dur-
ing each period and at each location. There were also ten con-
trol units for each species at each location. 
Seven permanent enclosures approximately 3 acres in size 
were constructed in each study location. Enclosures were located 
within almost pure stands of each species, with two exceptions. 
Black sage and Indian ricegrass were both included in one en-
closure, and shadscale and squirreltail grass were likewise in-
cluded in one enclosure. In each area, 130 study units were 
randomly selected for each species. They were marked with num-
bered and painted angle-iron stakes to designate treatments. 
The complete investigation was carried out in three separate 
phases because the initial study suggested additional spring de-
foliations and the second study suggested a rest-rotation treat-
ment and summer defoliation. 
PHASE I 
Clipping treatments applied to each species in Phase I in-
cluded three intensities of herbage removal during four periods. 
The intensities were light (25 percent), moderate (50 percent), 
and heavy (75 percent) clipping. The periods were fall (Novem-
ber 1), early winter (January 1), late winter (March 1), and 
spring (May 1). All plants except those clipped in spring were 
quiescent at the time of defoliation. About 20 percent of the 
anticipated annual growth was produced at the spring clipping. 
For 3 years, from 1956 to 1958, plants were clipped in a 
manner simulating forage removal by grazing animals. The pro-
cedure more nearly represented sheep grazing than other kinds 
of animals. The current year's growth was plucked off with a 
sharp knife pressed against the thumbs until the desired utiliza-
tion level was reached ( figure 2.) The percent of herbage removed 
from each study unit was determined by ocular estimate. 
Five men were used during each clipping. A short training 
period was conducted prior to clipping each species to increase 
uniformity among individuals. Each operator was randomly as-
signed two sample units of each species at each season and in-
tensity in each area; each individual harvested two units of each 
treatment. The forage removed from each study unit was placed 
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in a labeled paper bag and taken to the laboratory for weighing 
and chemical analysis. 
In the laboratory, samples were oven dried and weighed. Two 
samples were obtained for chemical analysis from each treatment 
for each species in each area. This was done by placing one col-
lection from each operator into each of two composite samples. 
The composite samples were ground in a Wiley mill to pass 
through a one-millimeter mesh screen. Vigor measurements were 
made in 1959, 1 year after treatment ceased. 
Criteria for vigor measurements varied among the seven spe-
cies studied. Measurements taken of browse species included 
twig length (cm), seedstalk length (cm), number of seed-stalks 
per plant, amount of dead canopy cover ( ¼ square-foot units), 
and the amount of live canopy cover (¼ . square-foot units). Two 
seedstalks and two vegetative twigs were randomly selected for 
measurements in each quarter of the plant. These measurements 
were averaged to obtain seedstalk and twig lengths for each plant . 
Male flowers were counted and measured as seedstalks on shad-
scale, when male plants were encountered. In all cases, seedstalk 
counts included only those of the current year. To obtain the 
amount of live and dead canopy cover per plant, a squarefoot 
Figure . 2 . Herbage removal technique for shadscale . 
11 
frame subdivided into 1/64 square-foot units was used. The 
frame was held over each plant while the number of units filled 
with live and dead canopy cover was determined. 
The 9.6-square-foot circular frame that - was used for suf-
frutescent species was divided into four equal parts. The exact 
center of the frame was placed around permanent stakes to locate 
the exact position of the plots. The plant closest to the center 
of each spoke of each division of the frame was selected for 
measurement. 
PHASE II 
The same enclosures that were used in Phase I were used in 
Phase II, but new plants were selected and marked for treat-
ments. Again, as before, 130 sampling units were selected for 
study in each enclosure. During the 3-year period of 1959-61, 
these units were subjected to clipping intensities of 30, 60, and 
90 percent. The treatments also involved four periods of harvest: 
Winter (January 1), winter and again in late spring (January 
1 and May 1), early spring (April 1), and late spring (May 1). 
Early spring was the period when about 5 to 10 percent antici-
pated annual growth was produced, and about 20 to 25 percent 
of new growth was present at the late spring harvest. 
Ten units of each species were clipped at each intensity dur-
ing each period within each study area. Therefore, there were 
30 units per species in each treatment. In addition there were 
ten control units for each species at each study area. 
As in Phase I, the plants were clipped in a manner that simu-
lated grazing by livestock. This procedure was repeated until 
the desired level of utilization of the plant was reached. 
Harvested material during the first year of treatment and 
during the final year of treatment was chemically analyzed to 
determine the relative nutrient content. Vigor was measured in 
the summer of 1962, 1 year after treatment, and again in 1968, 
which was 7 years after treatment. 
PHASE Ill 
The third Pha se included the same species, three intensities 
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and four seasons of harvesting. The three intensities were 25, 
50, and 75 percent, the same as used in Phase I. The four sea-
sonal treatments involved harvesting herbage during winter about 
January 1, late spring about May 1, summer about July l, and 
late spring May 1 during alternate years. Summer harvesting 
was accomplished while the plants were still green but before 
they were forced into quiescence by dry summers. 
Treatments in this phase of the study were initiated in 1962 
and terminated in 1968. Vigor measurements were made in 1969, 
1 year after treatments ceased. As before, plant material was 
analyzed chemically during the first and final year of treatment . 
DISCUSSION 
PHASE I, 1956-1958 
Seven hundred and twenty individual plants or plots from 
each of the seven major salt-desert range species were clipped 
to determine yield under three intensities of harvesting during 
four seasons during this 3-year period. The vigor of these plants 
was also measured; including length of seedstalk, length of vege-
tative twigs, normal crown cover , number of seedstalks , and 
extent of plant portions dying. 
Intensity of harvesting 
The overall effect of light (25 percent) and moderate (50 
percent) clipping intensity among species significantly affected 
the total forage yield (P <. 05) during most years. Over the 
3-yeai study period, heavy utilization (75 percent) materially 
reduced production. In many cases, the 75 percent forage re-
moval during the third year yielded no more herbage than was 
secured from the 25 percent removal. For example , average pro-
duction for all species in the first year (1956) yielded about 11, 
17, and 25 gram s per plant when harvested at 25, 50, and 75 
percent intensity, respe ctively. The same plants yielded about 
14 grams per plant under each intensity the th ird year of clippin g 
(1958) (table 2). 
Vigor measurements also showed that heavy clipping was most 
harmful ( tabl e 3). Heavy clipping ( 7 5 perc ent) decreased length 
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of growth and number of seedstalks per plant in all species and 
in all seasons of harvesting compared to lighter harvesting in-
tensities. In most cases, there was little difference in vigor 
Table 2. Average production from a total of seven dominant desert 
species from 1956-58, average percent crown growth dead, 
and percent plants dead as a result of 3 years defoliation 
during four periods at three intensities* 
Grams Percent Percent Percent Season Intensity produdlon 
change In plants 
of of per plant crown 
harvest harvest production dead dead 
1956 1958 1956-1958 1958 1958 
Fall 25 10.55 13.19 +25.0 31.5 5.1 
(Nov 1 ) 50 16.28 13.03 -20.0 33.5 6.4 
75 23.02 16.84 -26.8 47.1 11.5 
Avg 16.62 14.35 -10.3 37.1 7.7 
Early 25 8.57 11.54 +34.8 28.9 2.8 
Winter 50 13.11 14.22 + 8.4 32.7 5.7 
(Jan 1) 75 21.13 13.82 -34.6 46.7- 11.4 
Avg 14.26 12.98 - 9.0 35.8 6.4 
Late 25 8.86 13.12 +48.1 30.4 2.6 
Winter 50 12.58 17.37 +38.0 31.0 5.0 
( Mar 1 ) 75 20.03 15.62 - 22.0 45.5 12.5 
Avg 13.83 14.71 + 6.4 35.2 6.7 
Spring 25 15.73 15.01 4.6 33.6 4.0 
(May 1 l 50 24.03 13.42 -44.2 45.8 13.5 
75 36.98 9.01 -75.6 62.2 22.7 
Avg 25.58 12.68 -50.4 46.2 13.1 
Control 17.0 2.3 
Average 25 10.92 12.80 + 17.3 31.1 3.6 
50 16.50 14.67 -11.1 35.8 7.7 
75 25.28 13.99 -44.7 50.4 14.5 
• Averages for treatments are from seven dominant desert species with 10 plants per 
treatment at each of two locations. 
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Table 3. Average vigor measurements made in 1959 of seven dominant desert species clipped at three intensities 
during four seasons for three years I 1956 to 1958 I 
length of seedstalk length of current year 's growth Number of seedstalks 
Season Intensity 
of harvest of Black Big Indian Squirrel- Black Big Shad- Winter- Nuttall Black Big Winter- Nuttall Indian Squirrel-harvest sage- rice- tail sage- scale fat salt sage- fat salt rice- tail sage brush grass grass sage brush bush sage brush bush grass grass 
(Centimeters) 
Fall 25 5.4 7.6 15.6 7.6 2.3 3.4 6.7 5.8 7.5 6 .1 78 .6 11.9 6 .5 15.6 11.4 
(Nov 1) 50 8.0 5 .6 13.7 6 .8 2.8 3.2 5.8 5.7 7.8 11.1 20.4 14.5 4 .5 19.4 10.1 
75 7 .3 7.1 12.5 4.4 2.4 3.5 6 .0 5.4 7.7 12.4 17.3 9 .0 4 .5 10.2 7 .4 
Avg 6.9 6.8 13.9 6 .3 2.5 3.4 6 .2 5.6 7.7 10.5 38 .8 11.8 5.1 15.1 9 .6 
~ Early 25 7 .8 5 .3 19.8 6.1 2.6 3.1 6 .6 6.0 7.3 12.1 45.1 16.8 4.6 10.1 7 .1 01 
winter 50 8.1 6.5 16.9 7 .0 2.8 3.4 6.2 5.6 7.0 17.9 30 .5 11.3 4.2 14.1 8.8 
(Jan 1) 75 6.4 3 .9 12.1 5.2 3.3 3.8 4 .9 4 .8 7.8 16.3 13.4 10.0 3 .6 7.7 8.6 
Avg 7.4 5 .2 16.3 6 .1 2.9 3 .4 5.9 5.5 7.4 11.8 29.7 12.7 4.1 10.6 8.1 
Late 25 7.4 6.3 16.8 8.8 2.6 3.6 6 .2 5.4 7 .5 13.7 88.5 12.3 5.7 9 .5 14.7 
winter 50 5.8 3 .8 14.7 6 .3 2.5 2.9 5.6 5.8 7 .6 13.7 18.0 12.3 5 .6 13.4 11.0 
(Mar 1) 75 6 . 1 4 .5 10.1 4 .3 2.8 2.9 6.0 5.4 8.3 11.8 14.0 11.3 4 .6 6.9· 6.2 
Avg 6.4 4.8 13.9 6 .5 2.6 3 .2 5.9 5 .5 7.8 15.2 40 .2 12.0 5.3 9 .9 10.6 
Spring 25 5.1 3.0 18.3 5.3 1.9 2.4 5.0 5.2 7 .0 4.8 33.6 7.5 2.4 10.5 6 .5 
(May 1 l 50 2.0 3 .6 9.3 5.0 1.7 2.0 3.6 4 .6 7.1 2.1 13.8 6.0 1.9 5 .0 4 .1 
75 1.0 1.7 8.2 2.9 1.2 1.0 3.4 3.3 6 .0 5.3 .8 3.8 1.2 6 .2 1.5 
Avg 2.7 2 .8 11.9 4.4 1.6 1.8 4.0 4.4 6.7 2.4 .16.1 5.8 1.8 7 .2 4 .0 
Average 6.0 4 .9 14.0 5.8 2.4 2.9 5 .5 5.4 7.4 9 .6 31.2 10.5 4.1 10.7 8.1 
Control 7.5 7 .3 16.9 10.2 2.1 3 .3 5 .9 7.6 7.8 74.7 109 . 1 19.2 5.5 12.2 14,5 
measurements between light clipping (25 percent) and moderate 
clipping ( 50 percent), except during the spring harvesting period . 
Spring clipping, when approximately 20 percent of the anticipated 
total growth had been produced, generally caused a reduction in 
vigor measurements with each increased increment of clipping 
intensity ( table 3). 
Season of harvesting 
The season of harvesting desert range plants had significant 
effects (P<.01) upon the yield and vigor of plants (tables 2 
and 3). Spring clipping was considerably more detrimental to 
the plants than either early or late winter clipping or fall clipping. 
Clipping in the spring, when plants were actively growing, gave 
higher yields the first year than the other three seasons. By the 
third year , howe¥er, spring-clipped plants yielded substantially 
less (P<.05) forage than plants harvested during the dormant 
seasons of fall and winter . Yields did not vary noticeably among 
the plants clipped during fall or early and late winter . 
Without exception, spring clipping reduced twig length and 
seedstalk production and caused a larger portion of the plants 
to die in each species ( table 3). Clipping in the spring caused 
about 89 percent more death loss of plants and about 54 percent 
greater crown reduction in living plants than other seasons of 
harvesting. There were no significant differences (P < .05) among 
the average death losses from fall, early winter, and late winter 
harvesting . Black sagebrush, for example, after 3 years of spring 
utilization produced only about one-twentieth as many seed-
stalks, which were only one-third as long when compared to u.n-
clipped control plants. Likewise, average twig length over the 
entire plant was reduced by about one-third and dead cover in-
creased to 50 percent more than the controls . 
The interaction between season and intensity of harvesting 
was statistically significant (P < .05). Yield and vigor data over 
all seasons showed that 75 percent utilization was more detri-
mental than either 25 or 50 percent utilization. However, 75 
percent utilization was far more detrimental during the spring 
than during the other three periods . In most cases there were 
significant differences between each of the three intensities of 
grazing during the spring season , but during other seasons, only 
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the 75 percent utilization was significantly detrimental. 
This apparently points out the danger of grazing winter 
ranges too late in spring. Grazing desert species at 50 percent 
or more during this season reduced both yield and vigor signifi-
cantly (P<.05) over the 3 years of treatment. 
Species response 
Black sage appeared to be somewhat less tolerant to defolia-
tion than the other species ( table 4) . During the 3 years of 
treatment it decreased 32 percent in yield and had about 5 
percent more dead plants than the controls. In addition, the 
clipped plants which remained alive had about three times more 
dead crown cover than the controls. Winterfat decreased in yield 
by about 53 percent from 1956 to 1958 as a result of clipping 
and had 3.6 percent more dead plants than the controls; but 
there was little difference in percent dead crown cover between 
the treated and control plants. Squirreltail grass yield decreased 
about 30 percent as a result of clipping treatment. It had about 
18 percent more dead plants and about 36 percent less live crown 
cover than the control plants. All three browse species displayed 
Table 4. Average production, crown dead, and percent plants dead for 
seven dominant desert species as a result of 3 years defolia-
tion at three intensities during four seasons ( 1956 to 1958) 
Grams Percent Percent crown Percent plants production 
change in dead 1958 dead 1958 Species per plant production 
1956 1958 19S6-1958 Treated Control Treated Control 
Black sage 13.3 9.0 -32.3 51.1 17.1 5.83 0.75 
Big sagebrush 32.9 35.6 + 8.2 36 .1 23 .7 3.75 0.75 
Shadscale 17.8 16.8 5.6 38 .1 21.7 6.25 1.00 
Winterfat 32.2 15.0 -53.4 25.2 22.1 3.90 0 .25 
Nutall saltbush 20.7 13.2 - 36.2 24 .8 19.7 5.10 1.75 
Indian ricegrass 5 .1 6.6 - 29.4 42.5 25.0 8.20 2.10 
Squirreltail grass 1.1 0.8 - 30.0 53.5 17.5 27.1 9 .25 
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a rather large percentage of dead crown cover as a result of clip-
ping ( table 4) . Both big sagebrush and black sage lost a high 
percentage of plants by death (figure 3), but black sage appeared 
to maintain length and number of seedstalks better than big 
sagebrush ( table 3). 
Chemical content of herbage 
Chemical analysi s alone is not an absolute measure of the 
nutritive value of range forage. However, it does provide a re-
lative index to the nutritional value among species and the effect 
of utilization intensity during different seasons of the year . In 
planning grazing systems on desert ranges , it is important to 
know the nutrient value of desert plants with respect to season 
or phenological stage and intensity of use. Diets of animals 
grazing only during the fall and winter when the plants are 
quiescent may not possess as high a nutrient content as diets 
on desert range during spring or summer. Cook and Harris 
( 1968) stated that the nutritional value of range forage in the 
Intermountain Great Basin area during the spring and summer 
when plants were growing were considerably higher than range 
forage during the fall and winter when plants were mature and 
dormant. 
Data in table 5 show little difference in nutritive content of 
harvested herbage at the beginning of the study in 1956 and at 
the termination of treatments in 1958. The apparent differences 
between averages for the 2 years could have been a result of 
climatic variation between years, treatment, or both . 
The effect of harvesting intensity during both years showed 
that as intensity increased ash and lignin increased and protein, 
cellulose and gross energy decreased (table 5). In a study of 
intensity of grazing on desert ranges, Cook and Harris (1968) 
found that as utilization increased the content of desirable 
nutrients in the diet of grazing animals decreased. 
In most cases, data in the present study showed that protein 
increased substantially during the spring growth period and lignin 
decreased ( table 6) . Other seasonal changes among species were 
peculiar to individual species generally. Both black sage and big 
sagebrush were exceedingly high in ether extract. Shadscale, the 
suffratescent species, and grasses were high in ash. Browse 
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Figure 3. Top,big sagebrush clipped at 60 percent during the wint&. for 
3 years; and bottom, big sagebrush clipped at 90 percent during the 
winter for 3 years . The plant at the top is considered to be slightly 
below optimum vigor whereas the plant below was dead at the end 
of 3 years -
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species in most cases were higher in lignin , phosphorus, and pro-
tein ; whereas , grasses were higher in cellulose. A similar _compari-
son was found in studies by Cook and Harris (1968) . They stated 
that browse species were higher ih protein, calcium, phosphorus , 
and lignin while grasses were higher in crude fiber, cellulose , and 
metabolizable energy. They further stated that browse plants 
on desert ranges met the recommended standards for animals in 
gestation for protein in most cases but were borderline in phos-
phorus and were decidedly low in metabolizable energy. Grasses 
during winter were markedl y deficient in protein and phosphorus 
but were good sources of energy . 
Gross energy values for the browse species are not good 
indexes to energy values of forage because of the high content 
of essential oils that are not available to livestock metabolism 
( Cook and Harris, 1968). 
Chemical an~lyses indicate that the desert forage is of ra ther 
high quality during the spring. These forage species no doub t 
meet the nutritional requirements of lactating animals during 
spring growth. Thus, spring growth furnishes the highest nutri-
tional forage, but the plants are more susceptible to damage from 
Table 5. Average chemical composition for seven dominant desert for-
age species from November 1 to May 1 harvested at three 
intensities during the first and third year of treatment 
Intensity Ether Cellu-
Other Phos- Gross 
of Ash Protein Lignin carbo-
harvest extract 
lose hydrates phorus energy 
( percent I (Meal / kg I 
Initial harvest 1956 
25 6.0 16.5 10.9 10.7 19.8 36 .1 .12 4 .19 
50 6.0 15.9 10 .9 10 .6 19.7 36.9 .12 4.15 
75 5.9 17.3 10.7 11.1 19.1 ' 35.9 .12 4.11 
Average 6.0 16 .6 10.8 10.9 19.5 36.2 . 12 4.15 
Terminating harvest 1958 
25 4 .2 13.2 9.8 11.1 25.2 36.5 . 1 1 4.37 
50 4.8 13.4 9.6 11.3 23.9 37.0 . 1 1 4.25 
75 4.3 14.2 9.2 11.9 23.1 37.3 .10 4.02 
Average 4.4 13.6 9.5 11.4 24 .0 36 .9 . 11 4.21 
20 
Table 6 . Average chemical content of seven desert species harvested at three intensities during four seasons. Data 
was collected at the termination of 3 years of treatment during 1958 
Season Ether Total Cellu- Other Phos- Gross Species of 
extract Ash protein Lignin lose carbo- phorus harvest * hydrates energy 
(percent) (Meal/kg) 
Black sage Fall 10.3 6.4 8.3 14.3 20 .6 40 . l .11 5 .01 
Early winter 11.0 6.7 8.3 15.l 21.9 39.9 .14 4.93 
Late winter 9.4 8.4 8.9 15.8 20.9 36.6 .16 4.80 
Spring 9.2 7.7 11.9 12.2 17.2 41.8 .14 4.78 
I:.,;) Average 10.0 7.3 9.4 14.4 20 .2 39.6 .14 4 .88 
..... 
Big sage- Fall 13.l 6.9 8.7 12.8 19.3 39 .2 .16 4.98 
brush Early winter 12.9 7.1 9.8 13.6 20.5 36.2 .14 5.03 
Late winter 9.5 6.9 9.5 14.6 21.6 37.8 .16 5.01 
Spring 7.6 9.7 12.7 13.4 17.0 39.6 .16 4.69 
Average 10.8 7.6 10.2 13.6 19.6 38.2 .16 4.93 
Shadscale Fall 1.9 18.4 9.0 13.0 18.7 39.0 .08 3.89 
Early winter 2.0 17.7 8.8 15.6 23.0 32.8 .06 4 .. 02 
Late winter ~.o 18.2 8.8 16.4 23 .0 31.5 .06 4.01 
Spring 2.0 18.2 13.3 13.8 18.9 33.7 .13 4.08 
Average 2.0 18. l 10.0 14.7 20 .9 34.3 .08 4.00 
• Fall harvests were about November 1, early winter about January 1, late winter about March 1, and spring about May 1. 
Table 6 . - Continued 
Season Ether Total Cellu- Other p~ Gross Species of extract Ash protein Lignin lose carbo- pho s harvest* hydrates energy 
(percent) (Meal / kg) 
Winterfat Fall 1.8 17.1 11.0 10.4 27.8 31.9 .12 4.06 
Early winter 2.0 14.8 10.9 11.3 30 .0 31.8 .10 4.02 
Late winter 1.9 18.3 10.9 12.2 30.0 26 .7 .14 3 .94 
Spring 2.0 13.4 15 . l 9.9 26.0 33.5 .17 4 .27 
Average 1.9 15.9 12 .0 11.0 28 .5 31.0 .13 4.07 
Nutall Fall 2.0 22.5 9.3 9.0 14.8 42.3 .ll 3.75 
salt- Early winter 1.9 18.6 9.4 9.4 16.4 44.3 .06 3.72 
~ 
bush Late winter 1.8 18.6 9.5 11.6 19. 1 39.4 .10 3.91 
~ Spring 1.9 18.6 16.0 8.6 13.5 41.3 .18 3.96 
Average 1.9 19.6 11.0 9 .6 16.0 41.8 .11 3.84 
Indian Fall 2.3 10.4 6.4 9 .7 30.3 41.0 .05 4.23 
ricegrass Early winter l.8 10.6 4.3 10.3 38.8 34.2 .04 4.15 
Late winter 1.0 10.4 5.2 10.3 35 .0 38.1 .04 4.10 
Spring 1.5 9.9 10.3 8.4 36.7 33 .1 .08 4.27 
Average 1.6 10.3 6.6 9 .7 35.2 36 .6 .05 4.19 
Squirrel - Fall 6.3 15.6 7.0 7.8 32.9 30 .5 .07 3.96 
tail Early winter 2.0 17.8 6.8 7.8 36.5 29.3 .07 4.01 
grass Late winter 1.6 17.1 6.8 8.3 31.9 34.3 .07 3.92 
Spring 2.1 14.1 10.9 6.4 26 .1 40.4 .18 4.19 
Average 3.0 16.2 7.9 7.6 31.9 33 .6 .10 4.02 
• Fall harvests were about November 1, early winter about January 1, late winier about March 1, and spring about May 1. 
defoliation during this season compared to fall and winter grazing. 
PHASE II, 1959-1961 
The second phase of the study included the same species but 
a third location was added . The clipping intensities were made 
somewhat more severe - 30, 60, and 90 percent of the foliage 
was removed instead of 25, 50, and 75 percent . The clipping 
seasons were also changed slightly - winter, early spring, 
and late spring. Early spring was about the time new growth 
appeared ( usually about April 1), and late spring was when 
about 20 percent of the anticipated yearly growth had been pro-
duced ( usually about May 1). A fourth seasonal clipping treat-
ment involved clipping twice a year, once in winter and again in 
late spring. 
The effect of these treatments on vigor of the range plants 
was determined in the summer of 1962 after treatments ceased. 
CarefuJ records were made of the death of any of the plants. 
Decreases in living crown cover of the remaining plants also were 
noted. Other vigor measurements included length of seed stalk, 
length of current year's growth, and number of seed stalks per 
plant. Result of these records are shown in tables 7 to 10. 
Intensity of harvesting 
Average production during the initial year of treatment 
showed that yield increased with each increased increment of 
harvesting. However, during 1961, the third year of treatment, 
yield was least for 90 percent defoliation. Plants that were 
harvested at 60 percent in 1961 were still producing slightly 
more than plants clipped at 30 percent. Yield decreased 46, 57, 
and 74 percent from 1959 to 1961 for 30, 60, and 90 percent 
defoliation, respectively, over all seasons ( table 7). 
The overall effect of intensity of harvesting in the second 
phase of the study showed that 60 percent herbage removal 
caused significantly more (P<.05) death loss and reduction in 
crown cover than 30 percent herbage removal and 90 percent 
utilization was significantly more detrimental than 60 percent 
utilization (table 7). Without exception, the greater the degree 
of defoliation, the greater the death loss of plants and of live 
crown cover of plants. 
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Table 7. Average production from a total of seven dominant desert species from 1959-61, average percent dead 
material, and percent plants dead in 1962 as a result of 3 years of defoliation during four periods at 
three intensities 
Grams Percent Percent Percent 
Season Intensity production reduction crown plants 
of of per plant In dead dead 
harvest harvest production 1962 1962 1959 1961 1959-61 
Winter 30 13.7 7.5 45 31.1 .24 
(Jan 1 I 60 21.5 10.6 51 36.7 5.4 
90 31.9 10.6 67 61.8 20 .1 
Average 22 .3 9.5 57 43.2 9 .3 
Winter and spring 30 20 .7 9 .6 54 45 .5 6.7 
(Jan 1 and May 1 I 60 29.0 8.9 69 66.3 20.1 
t.:> 90 40.6 4.5 89 87.9 60 .1 
~ Average 30.1 7.6 75 66.6 29 .0 
Early spring 30 12.4 7.4 40 28 .5 2.5 
(April 1 I 60 16.7 8.5 49 41.8 5.8 
90 27.7 8.7 69 66.1 18.9 
Average 18.9 8.2 57 45.4 9.0 
Late spring 30 13.4 8.5 37 33.4 4.0 
(May 1 I 60 20 .5 10.2 50 48 .6 12.6 
90 31.2 5.4 83 79 .0 37 .9 
Average 21. 7, 8.0 63 53.6 18.2 
Control 23 .7 4.8 
Average 30 15.J 8.2 46 34.8 3 .9 
60 21.9 9.5 57 48 .2 11.0 
90 28.6 7.3 74 73.6 34.2 
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Except for plants harvested only in the winter, 60 percent 
herbage removal caused significantly more death loss and size 
reduction (P<.05) than 30 percent herbage removal, and 90 
percent herbage removal lowered the vigor significantly more 
than 60 percent. All vigor measurements the year following ter-
mination of treatments showed that all species were significantly 
affected (P<.05) by harvesting intensity. Percent plants dead, 
percent crown dead, and length of current growth were all more 
severely affected by each increased increment of harvesting 
(tables 9 and 10). 
Season of harvesting 
Production per plant from 1959 to 1961 was reduced signifi-
cantly · (P<.05) for all periods of harvesting. Reduction in yield 
was greatest for plants harvested once in the winter and again 
in the spring and least for plants harvested in winter only and 
early spring only. Harvesting in late spring reduced the yield 
significantly more (P < .05) than plants harvested in the early 
spring. This reduction in yield for the various periods of har-
vesting is reflected by the increased percentage of the dead crown 
in the living plants and percent of plants dead at the end of 
the 3 years of treatment (table 7). 
All vigor measurements made the year following cessation 
of treatment showed that plants were significantly affected 
(P< .05) by season of clipping. Vigor measurements followed 
somewhat similar trends to herbage production. Plants clipped 
in the winter (January 1) were least harmed and plants clipped 
in the winter (January 1) and again in the spring (May 1) 
were harmed most (table 8). Late spring clipping (May 1) was 
considerably more detrimental (figure 4) to plant vigor than 
early spring clipping (April 1). There was little difference in 
vigor of plants harvested in winter and plants harvested in early 
spring. 
Harvesting during winter and again during late spring for 
three successive years killed an average of 29 percent of the 
plants (table 7) and reduced the size of living plants about 33 
percent. Of the plants harvested only in late spring, 18 percent 
were dead, and living plants suffered a 22 percent reduction in 
size. In contrast, early spring harvesting killed only 9 percent 
of the plants and reduced living plant size only 17 percent. 
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A statistically significant (P<.05) interaction occurred be-
tween intensity and season of harvesting. There was no signifi-
cant difference in death loss or reduction in crown cover between 
30 and 60 percent forage removal during winter harvesting, but 
during the other three seasonal treatments, all three intensities 
were significantly different ( table 9). 
Species response 
In this phase of study, the three browse species lost signifi-
cantly more live crown cover (P < .05) as a result of defoliation, 
than either suffrutescent or grass species ( table 9). 
Table 8. Average vigor measurements for all the· seven dominant desert 
forage species during 1962, the year following cessation of 
3 years of treatment 1959-1961, which included three inten-
sities of defoliation during four periods 
Length Length Seed Sea50n Intensity of c.u-rrent Live Seed stalk/ of of seed year's crown stalk/ area of harvest harvest 
.stalk growth cover plant crown cover 
( % ) (cm) (cm) (¼ 
sq. ft.) 
Winter 30 10.9 6.6 1.16 35.0 30.2 
( Jan 1 ) 60 10.7 6 .1 1.03 27.1 26.3 
90 8.4 4.7 0.53 14.4 27.2 
Average 10.0 5.8 0.91 25.5 27.9 
Winter and spring 30 11.8 5.7 0.83 23.3 28.1 
Jan 1 and May 1 ) 60 7.4 4.4 0.45 7.2 16.0 
90 3.5 2.3 0.20 1.8 9.0 
Average 7.6 4.1 0.49 10.8 17.7 
Early spring 30 11.7 6.7 1.23 34.6 28.1 
(April 1) 60 10.3 5.9 1.01 23.6 23.4 
90 7.6 4.6 0.49 8.9 18.2 
Average 9.9 5.7 0.91 22.4 23.2 
Late spring 30 11.1 6 .3 1.QS 27.4 26.1 
(May 1) 60 9.3 5.2 0.81 20.0 19.0 
90 4.5 3.4 0.41 2.4 5.9 
Average 8.3 5.0 0.76 16.6 17.0 
Average 30 11.4 6.3 1.07 30.0 28 .0 
60 9.4 5.4 0.82 19.5 23.8 
90 6 .0 3.8 0.41 6.9 16.8 
Control 13.0 7.8 1.67 40.1 24 .0 
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Table 9. Average production, percent crown dead, and percent plants 
dead for seven dominant desert species as a result of 3 years 
defoliation during four periods at three intensities 
Grams Percent Percent crown Percent plants production 
change In dead 1962 dead 1962 Species per plant production 
1959 1961 1959-1961 Treated Control Treated Control 
Block sage 20.3 3.5 -82 .7 53.3 22 .5 20.0 2.1 
Big sagebrush 40.4 9.9 -75.4 53.4 16.2 28 .6 2.7 
Shodscole 24.2 5.5 -77.3 61.4 32.3 20 .0 3.1 
Winte rfot• 42 .3 14.6 -65 .5 49 .6 27.7 9.3 4.1 
Nutall soltbush • 20 .8 21.7 + 4.4 33.7 30 .4 6.3 4 .3 
Indian ricegross 6.4 2.2 -65.6 56 .7 17.5 10.2 3.5 
Squirreltoil gross 5.2 1.2 -76.9 57.5 19.0 20 .3 5.2 
• Grams production per 9 .6 sq. ft. plot instead of per plant as for other species . 
Figure 4. Indian ricegrau plant in foreground was dipped at 75 percent 
during the late spring for 3 years and plant in the background was 
clipped at 25 percent during late spring for 3 years. 
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Table 10 . Average vigor measurements for seven dorminant desert 
species harvested at three intensities during four periods 
for 3 consecutive years, 1959-61 . Vigor was measured in 
1962, 1 year after treatments ceased 
Length Length SHd Seed Season 
of current Live stalks stalks/ Species of 
.seed crown are
a of 
harvest year cover per
 
stalk growth plant crown cover 
(cm) (cm) ( 1/, sq ft) 
Black sage Winter 10.9 1.8 1.76 75.7 43.0 
Winter & spring 5.6 0.9 0.30 11.0 36.7 
Early spring 9.4 1.6 0.93 28.7 30.9 
Late spring 7.4 1.3 0.69 26.1 37.8 
Average 8.3 1.4 0.92 35.4 37.1 
Control 13.2 2.2 2.19 64.3 29.4 
Big Sagebrush Winter 7.0 2.7 1.76 57.6 32.7 
Winter & spring 4.9 1.8 0.70 30.0 42.9 
Early spring 8.4 3.3 1.85 62.5 33 .8 
Late spring 7.4 2.6 1.59 51.0 32.0 
Average 6.9 2.6 1.48 50.3 35.3 
Control 13.6 4.3 3.76 119.4 31.8 
Shadscale Winter 2.7 4.1 1.32 25.7 19.5 
Winter & spring 1.4 2.0 0.47 10.1 21.4 
Early spring 2.9 3.9 1.19 22 .5 18.9 
Late spring 1.9 2.5 0.57 9.1 16.0 
Average 2.2 3.1 0.89 14.6 18.9 
Control 5.1 8.2 2.20 40 .0 18.1 
Winterfat Winter 10.0 5.0 0.52 6.7 12.9 
Winter & spring 8.7 4.2 0.41 4.2 10.2 
Early Spring 9 .0 5.0 0.51 5.9 11.6 
Late spring 8.9 4.9 0.42 4.6 11.0 
Average 9 .2 4.8 0.46 5.4 11.4 
Control 11.2 5.9 0.92 5 .8 6.3 
Nuttall Winte r 10.8 4.6 0.67 5.8 8.7 
sa ltbus h Winter & spring 8 .7 4.4 0.61 5.3 8.7 
Early spring 10.9 4.7 0 .68 5.9 8.7 
Late spring 8.9 4.4 0.63 5.5 8.7 
Average 9.8 4.5 0.65 5.6 8.7 
Control 11.8 5 .3 0.73 5.4 7.4 
Indian Winter 19.9 16.1 0.49 16.0 32 .6 
ricegrass Winter & spring 15.1 11.9 0.31 10.4 33 .5 
Early spring 20.4 15.6 0.40 15.0 37.5 
Late spring 17.7 13.9 0.36 10.7 28.7 
Average 18.3 14.4 0 .39 13.0 33 .3 
Control 23 .8 19.5 0.72 19.6 27 .2 
Squirreltail Winter 9.6 7.6 0.83 16.0 19.3 
grass Winter & spring 5.0 3.8 0.63 5.0 7.9 
Early spring 8.1 6 .2 0 .81 10.9 13.5 
Late spring 5.9 4.2 0.65 7.8 12.0 
Average 7.2 5.4 0.73 9.9 13.2 
Control 12. 1 9.1 1.14 26 .2 22.9 
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It appeared that Nuttall saltbush, winterfat, and Indian 
ricegrass withstood defoliation over the 3 years (1959-61) better 
than the other four species. Big sagebrush, squirreltail grass and 
shadscale were the most susceptable to harm from defoliation 
(tables 9 and 10). 
Chemical content of herbage 
As in phase I, differences in the chemical content between 
years, 1959 during initiation and 1961 during the terminal year, 
were small. During 1961, harvested herbage was slightly higher 
in either extract, ash, protein, and other carbohydrates. Har-
vested material during 1959 was higher in lignin, cellulose and 
phosphorus ( table 11) . 
Harvesting intensity had a rather profound effect upon 
nutrient content and this effect was consistent between the year 
of initiation and termination 3 years later. As the intensity of 
clipping increased, both ash and lignin increased while protein, 
cellulose, phosphorus and gross energy decreased. 
Table 11. Average chemical content for seven dominant forage species 
harvested during three seasons at three intensities at the in-
itiation of the study in 1959 and again at the termination 
in 1961 
Intensity Ether Other Phos• Gross of Ash Protein Lignin Cellulose carbo-
harvest extract hydrates phorus energy 
(percent) (Meal 
/kg) 
Initial harvest 1959 
30 3.9 12.4 11.0 11.5 25.5 35.7 .15 4.28 
60 4.0 13.2 9.4 11.9 25.1 36.4 .14 4.15 
90 3.7 14.9 9.2 12.5 24.1 35.6 .14 4.03 
Average 3.9 13.5 9 .9 12.0 24.9 35.9 .14 4.15 
Terminating harvest 1961 
30 4.3 13.7 12.0 9.8 21.8 38.4 .l-3 4.27 
60 4.3 13.4 11.6 10.2 21.2 39.3 .13 4.20 
90 3.9 16.1 11.4 10.6 21.1 36.9 .12 4.11 
Average 4.2 14.4 11.7 10.2 21.4 38.2 .13 4 .19 
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Table 12. Average chemical content of seven desert forage plants harvested at four periods during the third year 
of treatment, 1961. 
Season of Ether 
Other Phos- Gross 
Species harvest extract Ash 
Protein Llgnin Cellulose carbo- phorus hydrates energy 
(percent) (Meal/kg) 
Black Winter 9.1 6.8 10.0 14.5 18.3 41.3 .13 4.92 
sage Winter & spring 6.7 7.5 11.2 12.9 14.8 46.8 .15 4.81 
Early spring 8.1 7.6 10.9 13.0 17.9 42.6 .13 4.87 
late spring 9.4 8.2 12.0 11.8 15.5 43.1 .16 4.85 
Average 8.3 7.5 11.0 13.0 16.6 43.4 .14 4.86 
~ Big sagebrush Winter 12.3 6.8 8.3 11.9 19.3 41.4 .17 5.13 0 Winter & spring 9.5 7.6 13.8 12.5 18.8 37.8 .18 5.15 
Early spring 10.2 7.2 12.6 11.6 17.0 41.2 .16 5.09 
late spring 7. 1 8.6 14.3 10.3 22.4 37.1 .18 4.88 
Average 9.8 7.6 12.3 11.6 19.4 39.4 .17 5.06 
Shadscale Winter 2.3 16.8 10.0 13.5 18.8 36.6 .08 4.02 
Winter & spring 2.2 19.0 11.5 13.2 17.0 37.1 .10 4.11 
Early spring 2.5 17.5 11.5 12.7 18.8 37.0 .10 4.05 
late spring 2.3 20.6 11.6 13.0 19.1 33.4 .11 3.98 
Average 2.3 18.5 11.2 13.1 18.4 36.0 .10 4.04 
Winterfat Winter 2.6 21.7 11.7 9.4 18.3 36.3 .13 3.62 
Winter & spring 2.0 20.3 12.9 10.0 18.6 36.3 .13 3.75 
Early spring 2.3 20.0 13.7 9.3 19.6 35.0 .15 3.79 
late spring 2.0 16.3 15.2 9.3 19.6 37.5 .14 3.81 
Average 2.2 19.6 13.4 9.5 19.0 36.3 .14 3.74 
Table 12. - Continued 
Season of Ether Other Phos- Gross Species Ash Protein Lignin Cellulose carbo-harvest extract hydrates phorus energy 
(percent) (Meal/kg) 
Nuttall Winter 2.4 21.9 10.4 8.4 10.7 46.2 .13 3.71 
saltbush Winter & spring 2.2 25.4 12.6 7.9 11.2 40.6 .16 3.70 
Early spring 2.3 23.1 12.1 8.3 13.3 40.9 .14 3.68 
Late spring 2.0 24.1 14.1 7.9 23.4 28.4 .18 3.62 
Average 2.2 23.6 12.3 8.1 14.6 39.0 .15 3.68 
Indian Winter 2.4 12.7 6.1 7.6 30.4 40.8 .05 4.13 
ricegrass Winter & spring 1.8 9.4 13.3 7.2 30.4 38.0 .11 4.44 ~ Early spring 1.1 11.7 7.4 7.8 36.7 35.2 .06 3.99 .... 
Late spring 1.9 10.2 13.3 7.3 28.5 38.7 .11 4.32 
Average 1.8 11.0 10.0 7.4 31.5 38.2 .08 4.22 
Squirrel •- Winter 2.0 13.3 5.0 7.4 34.8 37.5 .10 4.02 
tail grass Winter & spring 2.3 11.9 12.8 7.4 31.3 34 .3 .11 4.31 
Early spring 2.2 14.8 11.8 7.6 31.0 32.6 .11 3.97 
Late spring 3.0 11.4 17.9 5.7 24.9 37.0 .17 4.22 
Average 2.4 12.8 11.9 7.0 30.5 35.4 .12 4 .13 
In general, the nutrient content was lowest when harvested 
during the winter and highest when harvested during late spring 
(table 12). Material harvested in winter and again in spring was 
significantly higher in nutrients (P<.05) than material harvested 
only in winter because of the addition of growing spring vegeta-
tion to the quiescent winter vegetation. As would be expected, 
late spring harvested herbage was somewhat more nutritious 
than herbage harvested in early spring when growth was just 
beginning. 
The browse species and the suffrutescent species were higher 
than grasses in protein, phosphorus, and lignin during the winter 
and early spring; whereas, the grasses were higher in cellulose. 
In general, differences in nutrient content among species were 
not as pronounced during late spring when the desert plants 
were growing. Browse species were still higher in lignin and 
grasses were still higher in cellulose . As before, browse species 
were higher in gross energy because of the high content of ether 
extract as a result of essential oils in the herbage. This is not 
a true evaluation of energy available to large herbivores because 
they void the essential oils in the urine (Cook and Harris, 1968). 
PHASE Ill, 1962-1968 
The third phase included the same locations used in phase I 
and phase II. In this phase, annual yearly summer harvesting 
and alternate year spring harvesting were initiated along with 
annual winter and annual spring harvesting. Harvesting inten-
sities were 25, 50, and 75 percent, the same as used in phase I. 
Clippings were done over a 7-year period rather than over a 
3-year period as in phases I and II. 
The precipitation during 1968 was above normal and spring 
and early summer growth in the dessert was unusually good 
( table 1) . Therefore, production during 1968, the sixth and final 
year of treatment, was abnormally high and showed less of a 
decrease from 1962 to 1968 than would have otherwise been the 
case. If the production data in table 13 for 1967 plus 1968 is 
divided by 2 for each season except for treatments harvested only 
in alternate years, the figures can be compared among seasons 
to denote change in production as a result of clipping from 1962 
to 1968. Since the production in 1968 for the alternate spring 
harvest presented in table 13 represents only 1 year, these figures 
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Table 13. Average herbage production per plot and percent plants dead for seven dominant desert species clipped 
from 1962 to 1968 during four seasons at thru intensities 
Pro- Pro- Pro- Percent ** 
Season Intensity Pro- duction Percent duction Percent duction Percent change in 
of of ductlon 1963* dead 1965* dead 1967* dead production 
harvest harvest 1962 + 1964 + 1966 + 1968 
1964 1966 1968 1962-1968 
Winter 25 7.7 19.3 5.9 18.8 7.1 22.3 9.3 +44.1 
Jan 1 50 11.9 26.7 8.6 24.4 12.8 24.2 19.3 +16.8 
75 19.8 36.0 11.3 28 .0 17.1 22 .0 28 .6 -44.4 
Average 13.2 27.3 8.6 23.7 12.3 22.9 19.0 -13.6 
Spring 25 9.2 21.3 8.6 20.3 11.4 20.8 17.1 +13.0 
May 5 50 13.5 26.6 9.3 25 .1 12.8 21.8 24.2 -19.2 
75 22.4 37.0 13.4 28.6 18.6 16.3 47 .9 -63.8 
Average 15.0 28.3 10.4 24.7 14.3 19.6 29.7 -34.7 
C,¢ Spring 25 10.4 13.3 6.6 11.1 10.0 14.8 10.7 +42.3 c,:, (Alternate 50 14.9 16.5 7.4 17.2 11.3 18.7 17.8 +25.5 
years) 75 29.5 23.5 13.3 23.7 15.3 20.4 31.4 -30.8 
Average 18.3 17.8 9.1 17.4 12.8 17.9 23.3 - 2.2 
Summer 25 20.6 30.6 12.0 17.2 12.8 29.6 21.4 -28 .1 
July 5 50 28.7 39.9 14.6 21.0 16.4 31.3 25.0 -45 .6 
75 44.7 49.0 24.6 18.4 29.3 20.9 50.7 -76.7 
Average 31.3 39.8 17.0 18.9 19.5 27 .2 32.4 -56.6 
Average 25 12.0 21.1 8.2 16.9 10.3 21.9 17.2 - 9.2 
50 17.2 27.4 " 10.0 22.0 13.3 24.0 21.8 -30.2 
75 29. 1 36.4 15.6 24.7 20.0 19.9 39 .6 -66.0 
Average 19.4 28.2 11.2 21.2 14.8 21.9 26.1 -43.6 
• These 2 years are added together to -make them comparable to the alternate spring harvests which took place during the even years . Figures 
are in grams per sampling unit which was a single plant far all species except the two suffrutescent species. 
••Percent change in calculated by dividing yield far 1967 and 1968 by two ond comporing this quotient with the yield in 1962, except for 
spring alternote which represents only 1962 ond 1968, respectively. 
can be compared directly with production in 1962 to obtain per-
cent change (table 13). 
Intensity of harvesting 
As would be expected during the first few years of treatment, 
the greater the degree of defoliation the higher the herbage yield 
became (table 13). The total yield for 1965 and 1966, the fourth 
and fifth year of treatment, respectively , shows that the heavy 
intensity of defoliation produced only slightly more than the 
moderate degree of defoliation. The total yield for 1967 and 
1968, the sixth and seventh year, respectively (table 13), indi-
cates that the 75 percent defoliation in all cases except alternate 
spring clipping produced less herbage than even 25 percent de-
foliation. 
In spite of the favorable growing season during 1968, the 
average percent change in production from 1962 to 1968 was 
decreased for all intensities of clipping. Even 25 percent clipping 
treatments caused a 9.2 percent decrease in yield during the 
7-year period . Production for the 75 percent clipping from 1962 
to 1968 decreased by about 66 percent (table 13). During all 
seasons of harvesting, the change in herbage yield was more 
adversely affected by heavier intensities of defoliation (P<.05) . 
However, the greatest reductions in production resulting from 
defoliation intensities were found in the summer harvested plants 
and the least harmful treatment from the standpoint of changes 
in production was from alternate spring harvesting. 
The total production of herbage in 1969, 1 year after treat-
ments ceased, is shown in table 14. Total production even after 
1 year of rest still reflected the past 7 years of treatment for 
each species for each intensity and for each season of harvesting. 
The greater the intensity of past defoliation, the smaller the 
total yield of herbage. These differences among intensities were 
statistically significant (P< .05). Differences, as a result of past 
intensities of harvesting , were more pronounced for past con-
tinuous late spring and summer harvesting than winter or alter-
nate late spring harvesting (P<.05). 
Data in table 14 indicates that even light use (25 percent) 
reduces yield slightly compared to unclipped plants. However, 
7 years of heavy use (75 percent), decreased yields from 55 to 
as much as 85 percent. These data suggest that most plants 
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Table 14 . Average total yield of herbage in grams per p I ant in 1969 after 1 year of rest following treatments from 
1962 to 1968 for seven dominant desert species harvested at three intensities and four seasons . All herb-
age was harvested from each sampling unit for all treatments after growing had ceased 
Season* Intensity* Black Big Shad- Winter - Nuttall Indian Squirreltail Average of harvest of harvest sage sagebrush scale fat •• saltbush •• ricegrass grass 
Winter 25 15.8 62.2 36.5 74.6 36.5 21.8 21.9 38.5 ( Jan 1) 50 14.0 22.9 18 .8 58 .5 24.2 19.3 17.8 25.1 
75 5 .0 5.3 10.0 34.3 20.7 16 .6 13.7 15.1 
Average 11.6 30.1 21.8 55.8 27 .1 19 .2 17.8 26 .2 
Spring 25 12 .3 65 .1 17.0 66 .3 25.1 12.4 26.9 32.2 (May 1) 50 9.4 29 .8 17.9 44.7 24 .3 11.8 19.2 22.4 
75 2.0 10 .2 5 .3 16.7 15.9 7.0 2.0 8.4 
Average 7.9 35.0 13:4 42.6 21.8 10.4 16 .0 21.0 
c,:, 
Spring 25 21.8 46.0 23.9 63 .0 36 .1 13.2 12.1 30 .9 
01 ( alternate 50 13.1 37.5 23 .7 55.6 33 .8 10.3 10.1 26.3 
years) 75 6.6 18.2 18.6 40.6 20 .8 7.6 5 .8 16.9 
Average 13.8 33 .9 22.0 53 . 1 30 .3 10.4 9.4 24.7 
Summer 25 16.6 65.5 22.8 66.5 25 .6 12.9 16.3 32.3 ( July 1) 50 11.5 33.3 11.4 47 .9 16.4 11.1 14.5 20.9 
75 2.0 2.8 1.9 16.7 8.1 3.7 10.2 6.5 
Average 10.0 33 .8 12.0 43.7 16.7 9.2 13.7 19.9 
Averages 25 16.6 59 .7 25.0 67.6 30.8 15.0 19.3 33.5 
50 12.0 30.9 17.9 51.7 24.7 13. 1 15.4 23.7 
75 3 .9 9.1 8.9 27.1 16.4 8.7 7.9 11.7 
Average 10.8 33.2 17.3 48.8 24 .0 12.3 14.2 22 .9 
Control 24.0 70.1 32.5 79 .2 37 .8 18.2 19.7 40 .2 
•During 1969, a year ofter season and intensity of harvest treatments hod ceased , all of the herbage was harvested to determine total yield 
of plonts . 
••Yiel ds for the two suffrutescent species ore presented in grams per 9 .6 -squore-foot plot . 
would maintain sustained yield if harvested at 50 percent con-
tinuously during the winter or continuously during spring in 
only alternate years, but 50 percent defoliation was considered 
too severe for continuous late spring or summer grazing. 
Almost without exception, the percent of original plant crown 
cover that was dead in 1969, 1 year after clipping ended, was 
greater for each increased increment of defoliation. The greatest 
decrease in percent crown dead among intensities of ha.rvesting 
was found in plants from the continuous spring and continuous 
summer dipping treatm€nts (table 15). 
Live crown cover and number of seed stalks per plant were 
Table 15. Average vigor measurements taken in 1969 on seven domi-
nant desert species harvested at different periods at three 
intensities for 7 years from 1962 to 1968 
Length Length Seed Seed Season Intensity 
of of Live stalk stalk/ of of 
seed current crown area of harvest year's per year 
stalk cover plant crown growth cover 
( % ) (cm) (cm) ( V... sq ft) 
Winter 25 9.8 6.3 1.9 20.5 11.0 (Jan 1 ) 50 8.5 5.8 1.5 22.6 14.9 
75 8.3 5.3 0.9 18.9 22.2 
Average 8.9 5.5 1.4 20.7 16.0 
Spri,ng 25 8.0 5.2 1.3 16.5 12.4 (May 1 ) 50 6 .3 4.9 1.0 10.5 10.3 
75 5.7 3.4 0.8 10.0 12.0 
Average 6.4 4.5 1.1 12.3 11.6 
Spring 25 8.5 5.4 1.7 21.3 12.8 (Alternate 50 7.6 5.3 1.4 20.2 14.9 
years) 75 6.3 4.5 1.3 17.5 13.9 
Average 7.5 5.1 1.4 19.7 13.8 
Summer 25 8.4 5.5 1.5 15.6 10.5 ( July 1 l 50 6.7 4.9 0.9 10.1 11.0 
75 6.1 3.9 0.6 13.6 23.8 
Average 7.1 4.8 1.0 13.1 13.1 
Average 25 8.7 5.6 1.6 18.4 11.7 
50 7.3 5.2 1.2 12.7 12.8 
75 6.6 4.3 0.9 14.9 18.0 
Controls 9.2 5.9 2.8 26.1 9.3 
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also significantly decreased (P<.05) by increased clipping in-
tensity. However, seed stalks per unit of live crown cover were 
greater for increased intensity of defoliation (table 15). This 
suggests that when plants with lowered vigor are rested for a 
year, more energy may be used for seed production than increased 
herbage growth. 
Season of harvesting 
There was a marked decrease in yield (P<.05) among some 
seasons of harvesting from 1962 to 1968 that amounted to 57 
percent for summer harvesting and 35 percent for spring harvest-
ing (table 13). Harvesting in the winter and in alternate years 
during the spring at light and moderate intensities slightly in-
creased production among seasons and systems of harvesting. 
Harvesting in the spring during alternate years was least severe 
of all seasonal treatments. It should be pointed out, however, 
that harvesting only in alternate years during the spring pro-
duced less forage than continuous winter harvesting even when 
alternate spring harvesting at 50 percent is compared to con-
tinuous winter harvesting at 25 percent. At comparable inten-
sities of clippng, alternate spring harvesting produced 16 percent 
less forage than annual winter harvesting . 
Total production in 1969, after a year of rest, was still signifi-
cantly affected (P <. 05) by the season or system of previous 
harvesting ( table 15). Plants previously harvested continuously 
in the summer and continuously in the spring produced less for-
age in 1969 than plants previously harvested in the winter or 
alternately in the spring. 
Both percent plants dead ( table 13) and percent of plant 
crown dead suggest that harvesting even moderately (50 percent) 
in the summer or in late spring damages plant welfare. Harvest -
ing continuously in the winter or in the spring during alternate 
years affected vigor less severely (P <. 01) than continuous sum-
mer or continuous spring harvesting. 
Both length of seed stalk and length of current year growth 
was shorter in 1969, after a year of rest, as a result of past con-
tinuous spring and summer harvesting compared to plants pre-
viously harvested during the winter or alternately in the spring. 
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Figure S. Top, winterfat plant clipped at SO percent during the winter for 
3 years . Bottom, winterfat plant clipped at SO percent during the 
summer for 3 years . Plants at top are in optimum vigor while plants 
below are in low vigor and many have died, leaving only the woody 
crown at the base. 
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Species response 
Shadscale showed the greatest loss of crown cover during the 
7 years of treatment from 1962 to 1968 (table 16). Winterfat, 
Nuttall saltbush, and Indian ricegrass showed only slight de-
creases in live crown cover compared to the controls. Black sage, 
big sagebrush and squirreltail grass showed that clipped plants 
had only about 50 percent as much live crown cover as the con-
trol plants after 7 years of treatment. Other vigor measurements 
in 1969, after 1-year rest from treatment, all showed reductions 
in vigor compared to the controls and all species reflected about 
the same response in respect to these vigor measurements to 
past seasonal defoliation treatments (table 16). 
Chemical content of herbage 
The difference in chemical content during 1962, the year of 
Table 16. Average vigor measurements taken over all treatments dur-
ing the summer of 1969, 1 year after cessation of treatment 
in 1968 for seven dominant desert forage species. 
Species 
Seed Seed 
stalk stalk/ 
area of per 
crown plant cover 
Season 
Length Length Live 
of current 
of seed year's 
crown 
harvest stalk growth cov
er 
(% 
(cm) (cm) sq ft) 
Black sage Winter 5.6 2.2 1.1 8.7 7.9 
Spring 3.6 1.6 0.9 4.9 5.4 
Spring (alt) 5.2 2.2 1.4 9.4 6.7 
Summer 4.1 1.7 1.0 6.2 6.2 
Average 4.6 1.9 1.1 7.3 6.6 
Control 7.8 2.6 2.5 23.1 9.2 
Big sagebrush Winter 6.1 3.1 2.2 30.1 13.7 
Spring 6.6 3.5 2.3 31.2 13.6 
Spring (alt) 5.0 2.7 2.0 32.5 16.3 
Summer 7.5 3.8 0.9 51.1 56.8 
Average 5.9 3.2 1.8 36.2 20.1 
Control 6.7 3.1 4.0 48.1 12.0 
Shadscale Winter 2.2 2.3 0.9 10.8 12.0 
Spring 1.0 1.7 0.6 3.5 5.8 
Spring (alt) 2.1 2.0 1.0 11.1 11.1 
Summer 0.9 1.5 0.5 5.4 10.8 
Average 1.7 1.9 0.8 7.7 9.6 
Control 2.2 2.7 3.3 19.1 9.0 
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Table 16. - Continued 
Length Length Seed 
Seed 
Season of current L
ive 
stalk stalk/ 
Species of seed year's 
crown area of 
harvest 
per 
stalk growth cove
r plant crown 
cover 
( v .. 
(cm) (cm) sq ft) 
Winterfat Winter 6.1 5.4 0.6 11.3 18.8 
Spring 3.5 4.8 0.4 l 0.1 25.2 
Spring (alt) 5.2 5.1 0.5 9.3 18.6 
Summer 3.8 4.8 0.4 6 .0 15.0 
Average 4.7 5.0 0.5 9.2 18.4 
Control 6.6 6.5 0.7 16.0 22.8 
Nuttall saltbush Wi -nter 7.7 3.6 0.4 8.2 20.5 
Spring 7.0 3.3 0.4 6.9 17.2 
Spring (alt) 7.8 3.7 0.5 8.7 17.4 
Summer 6.3 3.1 0.4 5.0 12.5 
Average 7.2 3.4 0.4 7.2 16.8 
Control 8.3 3.9 0.5 l 0.2 20.4 
Indian ricegrass Winter 23.9 15. l 1.1 21.2 19.3 
Spring 17.5 11.9 0.6 11.5 19.2 
Spring (alt) 18. l 12. l 0.6 10.9 18.2 
Summer 15. l 11. l 0.5 8.4 16.8 
Average 18.6 12.5 0.7 13.0 18.6 
Control 23.3 14.0 0 .9 19.7 21.9 
Squirreltail grass Winter 10.9 9.1 1.0 17.0 17.0 
Spring 5.7 5.1 0.4 6.2 15.5 
Spring (alt) 7.1 6.9 0.5 9.0 18.0 
Summer 11.0 8.4 0.8 10.6 13.2 
Average 8.7 7.4 0.7 l 0.7 15.3 
Control 9.8 8.7 1.2 16.0 13.3 
initial treatment, and during 1968, the final year of treatment, 
were rather pronounced in some respects (table 17). Protein, 
cellulose, and gross energy were considerably higher during 1968; 
ash, lignin, phosphorus, and other carbohydrates were higher 
during 1962 at the beginning of the study . Again there is no 
apparent explanation for these differences except that the 1968 
growth year was more favorable to grasses than browse. Rainfall 
came late during the 1968 growing season and grasses renewed 
growth activity. This might explain the higher cellulose and 
lowe1· lignin and phosphorus during 1968 because grasses are 
higher in cellulose and browse are higher in lignin and phosphorus . 
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Table 17. Average chemical content for seven dominant desert species harvested at 
three intensities for all seasonal treatments during 1962, the initial year 
of treatment and 1968, the sixth year of treatment 
Ether Cellu- Other Gross Phos-Intensity Ash Protein Lignin carbo-
extract lose hydrates energy phorus 
( percent) (Meal (¾) 
Initial treatment 1962 1 kg) 
25 4.1 15.3 11.0 10.6 20.0 39.0 4.05 0.11 
~ 50 4.6 15.8 11.2 10.6 19.1 38.7 4.04 0.12 
.... 
75 4.0 18.0 10.5 10.7 19.5 37.3 3.96 0.12 
Average 4.2 16.4 10.9 10.6 19.5 38.4 3.81 0.12 
The sixth year · of treatment 1968 
25 5.3 14.0 11.0 9.7 28.6 31.3 4.30 0.10 
50 5.5 14.3 11.3 9.8 28.8 30.4 4.28 0.10 
75 5.6 14.9 11.2 9.9 29.2 29.1 4.22 0.10 
Average 5.5 14.4 11.2 9.8 28.9 30.3 4.27 0.10 
This does not, however, explain the differences in other chemical 
constituents . 
The effect of the degree of defoliation upon chemical content 
over all seasons and over all species was not as well defined within 
years as it was in phases I and II. As intensity of harvesting in-
creased, lignin increased slightly and other carbohydrates and 
gross energy decreased somewhat (table 17) . 
Again, as in phases I and II, season had a significant effect (P < .01) upon the chemical content of herbage. In most cases, 
nutrient content among species was higher during spring har-
vesting than either wint:er or summer harvesting. Mid-summer 
harvesting just prior to dormancy of desert plants showed that 
herbage was somewhat higher in nutrients than material from 
winter harvesting when plants were quiescent. 
It is interesting to note during 1968 (table 18) that herbage 
harvested every year during the spring was higher in protein and 
other carbohydrates and lower in lignin and cellulose than herb-
age harvested in the spring only during alternate years. Gross 
energy showed no difference between the two spring harvesting 
treatments. This might be expected since continuous spring har -
vested plants were higher in other carbohydrates and plants 
harvested in the spring every other year were higher in cellulose. 
Data for phase III, like the other two phases, showed that 
browse species were higher in protein, lignin and phosphorus, 
and grasses were higher in cellulose ( table 18). If energy from 
essential oils were subtract:ed from the two sagebrush species, 
grasses would be better sources of energy than browse ( Cook 
and Harris, 1968) . Schedule and the two suffrutescent species 
had more ash than sagebrush species or grass species . 
As shown in table 18, the nutrient value of desert species is 
considerably higher in the spring while these species are growing 
than during the summer or winter when the plants are maturing 
or quiescent. During the spring, desert plants appear to meet 
lactation requirements for livestock, but during the winter they 
meet only maintenance or gestation requirements. Even then , 
they may be borderline in some respects. 
Even though nutrients are higher in the spring and lactation 
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requirements are no doubt met, only about half the grazing 
capacity can be obtained from spring grazing compared to winter 
grazing. Desert plants can tolerate only about 25 percent utiliza-
tion if grazed every year in spring and only 50 to 60 percent if 
they are used every other spring. If they are grazed during the 
winter, however, these plants can be utilized from 50 to 60 
percent annually. 
Recovery of Vigor 
To determine recovery of plants from previous defoliation 
treatments carried out from 1959 to 1961, vigor measurements 
were taken during the summer of 1968 and compared to vigor 
measurements made in 1962. Changes in vigor caused by pre-
vious treatments were evaluated separately from changes caused 
by weather and other environmental factors that were displayed 
by control plants. This was accomplished by converting all 
vigor measurements on treated plants to percentage of vigor of 
control plants (Cook and Child, 1971). It was assumed that 
plants had recovered from previous clipping treatment if the herb-
age yield or amount of crown cover was not significantly below 
the control plants ( table 19 and 20 t 
In 1968 it was difficult to identify dead plants in treated 
plots of winterfat and Nuttall saltbush. It is acknowledged that 
some of the plants that were killed by heavy clipping treatments 
from 1959 to 1961 disintegrated and disappeared from the plots. 
As a result, no woody base remained to identify a dead plant. 
This resulted in perhaps slightly higher recovery values in table 
19 for these two species than would otherwise have been the case. 
Nuttall saltbush, winterfat, and Indian ricegrass recovered 
after 7 years of rest so that most treatments were only slightly 
different from the controls (table 19). Big sagebrush recovery 
was comparable to controls except when plants were clipped at 
a heavy intensity during late spring or when they were clipped 
twice a year (winter and late spring) at moderate to heavy in-
tensities. Shadscale and squirreltail grass recovered completely 
only when the plants were clipped at a light or a moderate in-
tensity, and black sage recovered only when harvested lightly 
during winter or early spring. All heavy intensities of defoliation 
at all seasons still affected plant vigor even after 7 years of rest. 
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Table 18. Average chemical content of seven dominant desert species harvested at four seasons during 1968, the 
sixth year of treatment 
Season* Ether Other Gross Phos· Species of Ash Protein Lignin Cellulose carbo-
harvest extract hydrates energy phon,s 
( percent) (Meal (%) 
1 kg) 
Blacksage Winter 9.6 6.9 8.9 13 .9 20.1 40.5 4.99 0.13 
Spring 10.7 7.2 11.1 11.5 24.2 35.2 5 .02 0 .17 
Spring alt. 11.1 7.3 10 .9 11.9 27.1 31.7 5.00 0 .17 
Summer 11.8 8.1 9.0 13.8 27.8 29.5 5.00 0 .11 
Average 10 .8 7.4 10 .0 12.8 24.8 34 .2 5.00 0 .12 
,I>- Big sagebrush Winter 14.1 6.0 10.4 10.9 17.4 41.3 5.21 0.17 
,I>- Spring 12.6 9.9 13.5 11.7 21.3 31.0 4.97 0.18 
Spring alt . 14.6 9.2 12.1 12.6 24 .1 27.4 4 .92 0.19 
Summer 12.5 6.8 11.9 11.5 27.8 29.4 5.01 0.13 
Average 13.6 7.8 12.0 11.7 22.7 32.3 5 .03 0.12 
Shadscale Winter 2.1 16.2 8.7 13.8 20.2 39.0 4 .01 0.08 
Spring 3.0 18.8 13.4 13.7 31.2 19.9 3.99 0 .12 
Spring alt . 2.4 18.9 12 .6 14.4 33.2 18.4 3.92 0.12 
Summer 2.2 28 .5 11.3 10.0 30.0 17.9 3.38 0.09 
Average 2.4 20.6 11.5 13.0 28.6 23.8 3.80 0.09 
Winterfat Winter 2.5 18.8 10.1 10.2 21.4 36.9 3 .75 0.11 
Spring 3.0 16.1 13.8 9.5 34.8 22.8 4.02 0.14 
Spring alt. 3. 1 15.5 13.8 9.8 35.7 22 .2 4.12 0 .14 
Summer 2.8 17.8 10.7 8.9 38.1 21.6 3.94 0.10 
Average 2 .8 17.1 12.1 9.6 32.5 25.9 3 .96 0.10 
Table 18. -Continued 
Season• Ether Other Gross Phos-Species of Ash Protein Lignin Cellulose carbo-
harvest extract hydrates energy phorus 
( percent) (Meal (%) 
1 kg) 
Nuttall Winter 2.3 19.9 10.0 9.4 16.8 41.5 3.85 0.11 
saltbush Spring 3.0 19.3 14.4 10.4 22.5 30.6 3.93 0.13 
Spring alt. 2.9 18.3 13.9 11.0 24 .9 29 .0 4.05 0.13 
Summer 2.3 27.2 11.3 9.0 21.8 28.3 3.53 0.10 
.;.. Average 2.6 21.2 12.4 9.9 21.5 32.3 3.84 0.10 
CTI 
Indian Winter 1.8 13.9 5.0 5.8 32 .2 41.3 4.02 0.06 
ricegrass Spring 2.8 11.2 10.5 4.9 40.0 30.7 3.97 0.17 
Spring alt . 2.5 11.5 10.0 5.8 42.7 27.5 4.00 0.16 
Summer 3.3 12.6 8.9 7.0 39.3 29.0 4.34 0.09 
Average 2.6 12.3 8.6 5.9 38.5 32.1 4.08 0.07 
Squirreltial Winter 2.0 16.7 7.4 5.7 27.5 40.8 3.78 0.08 
grass Spring 4.1 13.0 14.5 4.9 35.5 27.9 4.25 0.11 
Spring alt. 3.9 13.7 14.5 5.4 35.1 27 .3 4.27 0.12 
Summer 4.3 14.2 9.8 6.8 36.0 28.9 4.29 0.11 
Average 3.6 14.4 11.5 5.7 33.5 31.2 4.14 0.11 
' Winter about January 1, spring about May 1, spring alternate about May 1 every other year, and summer about July 1. 
Table 19. Average live plant crown cover expressed as percentage of control plants in 1968, 7 years after treat-
ments ceased 
Season Intensity Black Big Winter- Nuttall Indian Squirreltail 
of of Shad scale Average 
harvest harvest sage sagebrush fat saltbush rice
grass grass 
Winter 30 94 102 104 93 91 105 106 99 
(Jan 1) 60 60 84 89 96 94 114 84 89 
90 30 22 30 92 101 94 69 63 
Average 62 69 74 94 95 104 86 84 
Winter & spring 30 45 57 70 100 96 78 56 72 
( Jan 1 & May 1) 60 26 14 30 99 96 83 69 61 
90 2 0 0 98 101 67 39 44 
,I>.. Average 24 24 36 99 98 76 55 59 
O'l 
Early spring 30 80 113 96 101 101 103 78 96 
(April 1) 60 71 77 82 94 104 80 63 82 
90 22 11 45 102 98 85 56 60 
Average 57 67 74 99 101 90 66 79 
late spring 30 66 104 99 98 96 117 56 91 
(May 1 l 60 70 86 50 105 100 90 31 76 
90 5 5 10 96 102 54 19 42 
Average 48 65 53 100 99 88 35 70 
Average 30 71 94 92 98 96 101 74 89 
60 57 65 65 98 98 92 62 77 
90 15 9 21 97 100 75 46 52 
Average 48 56 60 98 96 90 61 73 
Note: Data alter Cook and Child ( 1971) . 
Table 20. Average total yield of herbage in grams per sampling unit after 7 yea
rs of rest following treatments for 
seven dominant desert species harvested at three intensities and at four seasons 
Season Intensity Black Bi
g Shad- Winter 
Nuttall Indian Squirrel-
of of sage- scale fat•• 
salt- rice- tail Average 
harvest harvest* 
sage brush bush** 1rass 11rass 
Winter 30 49 119 43 89 64 26 
10 57 
(Jan 1) 60 26 99 27 82 88 24 19 
52 
90 15 27 8 64 73 22 18 32 
Average 30 82 26 78 75 24 15 47 
Winter-spring 30 22 69 20 82 71 
18 15 42 
( Jan 1 & May 1 ) 60 10 17 9 70 64 19 10 28
 
90 2 0 0 25 32 19 10 12 
Average 12 28 9 59 56 18 9 27 
~ Early spring 30 35 140 3
0 92 91 19 13 60 
-.1 (April 1) 60 30 98 31 79 84 20 14 51
 
90 9 11 11 69 75 22 13 30 
Average 25 83 24 80 84 20 13 4
7 
Late spring 30 28 123 30 81 77 
30 14 55 
(May 1) 60 29 101 13 75 59 21 7 44 
90 2 7 27 38 56 15 2 21
 
Average 20 77 15 65 64 22 7 40 
Control 52 139 40 87 94 29 
23 66 
Averages 30 33 113 31 86 76 
23 13 54 
60 24 79 20 77 74 21 12 44 
90 7 11 5 49 59 19 8 23 
Average 21 68 19 71 70 21 11 
40 
• Harvested al three intensities fram 1959 lo 1961. During 1968, 7 years after tre
atments had ceased, all of the herbage was harvested ta 
determine total yield of plants (after Cook and Child , 1971) . 
••Yield wa, gram, per 9 .6-square -fool plot for the two suffrutescenl species and per 
plant for the others . 
In all cases, plants that were still in a lowered state of vigor 
had shorter and fewer seedstalks, less current year growth, more 
dead crown cover, and less herbage yield than did plants that 
had recovered and displayed normal vigor comparable to the 
controls. 
In this study, it was found that big sagebrush, shadscale, 
and winterfat plants that were still in a low state of vigor, after 
7 years of rest, had more seedstalks per unit of live crown cover 
even though they had fewer seedstalks per plant than did plants 
otherwise displaying a higher state of vigor ( Cook and Child, 
1971). This suggests that plants may increase seed production 
rather than form more vegetative growth when they have been 
severely abused and are in a poor state of vigor. 
It was observed in all species except squirreltail grass, that 
light clipping stimulated plant growth during the first 4 years 
of non-use following treatment. Generally these species had a 
larger area of live cover, longer current growth, and greater yields 
than the controls (Fears, 1966). The effects of this stimulation 
seem to have largely disappeared by the seventh year of non-use (Cook and Child, 1971). Squirreltail grass did not show any 
stimulation in recovery from light harvesting during any period 
of recovery. 
Carbohydrate Reserves and Defoliation 
Depletion of carbohydrate reserves because of defoliation is 
believed a primary factor causing a reduction in plant vigor and 
subsequent range deterioration. Carbohydrate reserve depletion 
by excessive defoliation also reduces herbage growth, and in ex-
treme cases causes death of plants ( Cook, 1966). 
In a study reported by Coyne and Cook ( 1970), it was found 
that desert plants showed a spring depletion in total available 
carbohydrates in the storage organs when new growth occurred. 
In a similar manner, these desert species showed replenishment 
of the reserve during later stages of development until they 
reached maturity. Maximum carbohydrate reserves were not 
attained until plants had completed their annual life cycle. There-
fore, it was concluded that maximum plant vigor as reflected by 
carbohydrate reserves was dependent upon the food reserve at 
the completion of the growth period at quiescence. 
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Trlica and Cook, (1971) reported the total available carbo-
hydrate content as affected by defoliation at various stages of 
phenological development corresponding to previous clipping 
periods in the three phases of this study. A minimum of four 
plants of each species at each location were clipped to remove 
approximately 90 percent of the current photosynthetic tissue. 
The four phenological stages at which defoliation occurred were: 
( 1) an early growth stage about April 1 as plants were initiating 
spring growth, (2) a rapid growth stage about May 1 when 
plants had produced about 20 percent of their anticipated total 
growth but before the reproductive stage had been reached, ( 3) 
a near maturity stage about July 1 when most active growth of 
plants had been completed but before quiescence had been 
reached, and (4) during quiescence about November 12. Plants 
defoliated during late fall about November 12 were not excavated 
and analyzed until the following fall. All other defoliated plants 
in the other three treatments were excavated and analyzed the 
fall immediately following treatment. Control plants were ex-
cavated at the time of each defoliation treatment and at the time 
treated plants were excavated. The roots and crowns were anal-
yzed for total available carbohydrates. 
Greatest reductions in autumn carbohydrate levels of the 
studied species were found when defoliation occurred during rapid 
growth about May 1 or when plants approached maturity about 
July 1. Smallest reductions in fall reserves were found when 
defoliation was done during early spring about April 1 or after 
dormancy about November 1. The more regrowth attained by 
a species after defoliation, the greater the carbohydrate reserve 
replenishment. These findings correlate with the effects of har-
vesting periods in the three study phases previously presented. 
This indicates that these species are well suited for winter or 
early spring grazing, but not for late spring or summer grazing. 
It also was found that the autumn level of carbohydrate content 
was a good index to the severity of defoliation treatments the 
previous year (table 21) (Trlica and Cook, 1971 ). 
It is noted in table 21 that Nuttall saltbush had the highest 
carbohydrate content in their roots and Indian ricegrass black 
sage had the lowest. When considering the decreases in yield 
and the loss in vigor over the years of treatment, it appears that 
black sage withstood grazing rather poorly and Nuttall saltbush 
rather well. 
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Table 21. Average total available carbohydrates in milligrams per 
gram of root sample stored by fall in seven desert species 
from five complete defoliation periods over a 3-year period 
( 1967 to 1969) 
Defoliation periods 
Species Early Rapid 
growth spring Maturity Quiescence• Unclipped 
!April 11 growth !July 11 (Nov. 11 !May 1 
Black sage 43 36 37 48 46 
Big sagebrush 49 42 36 43 60 
Shadscale 92 77 61 86 111 
Winterfat 66 63 54 66 79 
Nuttall saltbush • • 161 158 120 152 164 
Indian ricegrass 42 32 26 42 43 
Squirreltail • • 82 88 102 94 114 
Avera~e 76 71 62 76 88 
• Plants in this phenological stage were defoliated about November 1 2 but the roots 
of these treated plants were not excavated until the following fall for TAC determina-
lions ( after Trlica and Cook, 1971 ) . 
• *The averages for these two species involved only 2 years data, 1967 and 1968 . 
The carbohydrate reserves of squirreltail grass were somewhat 
higher in the fall after being clipped in the summer about July 
1 compared to other species. This is because squirreltail grass 
matures rather rapidly, especially if June is warm and dry. 
Squirreltail grass was therefore more mature in most cases than 
the other species and had at least transferred a greater percentage 
of its reserves to its roots before being harvested at maturity 
about July 1. Squirreltail grass was less injured by mid-summer 
harvesting than the other species perhaps as a result of this 
rapid translocation of the reserves to the roots. 
SUMMARY 
During 1956 to 1969, studies were conducted on the deserts 
of western Utah to determine the effects of season and intensity 
of defoliation on the physiological and chemical response of 
forage species, and to determine the rate of recovery of plants in 
various states of lowered vigor. 
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Seven dominant plant species were chosen for study. They 
included three browse: black sage, big sagebrush, and shadscale; 
two suffrutescent species: winterfat and Nuttall saltbush; and 
two grasses: Indian ricegrass and squirreltail grass. 
The study was carried out in three phases involving different 
treatments and different years. The first phase was carried out 
over a 3-year period from 1956 to 1958. The clipping treatments 
included three intensities (25, 50 and 75 percent) and four per-
iods (fall, early winter, late winter, and late spring). The second 
phase was carried out from 1959 to 1961 and included three 
intensities of clipping (30, 60 and 90 percent) and four periods 
(winter, early spring, late spring, and winter and again in the 
late spring). The third phase was initiated in 1962 and termin-
ated in 1969. Treatments included three intensities (25, 50 and 
75 percent) and four periods (winter, late spring, summer, and 
late spring every other year). Data were collected on yield, 
chemical content, vigor and carbohydrate reserves. 
Seventy-five percent defoliation was too severe for all species 
during all periods in all three phases of study and 50 percent 
defoliation was too severe for late spring and summer harvesting. 
It was concluded that 60 percent utilization was perhaps too 
severe for even winter use but 50 percent utilization would main-
tain optimum vigor and · sustained yield. Twenty-five percent 
utilization was considered more reasonable for late spring and 
summer use than 30 percent. There was no significant difference 
in plant responses to fall, early or late winter, or early spring 
harvesting. Defoliation was less harmful in these seasons than 
when it occurred in late spring or mid-summer. Differences in 
both physical and chemical responses to degrees of defoliation 
were greater during late spring and summer than the other 
periods. 
The nutritive value of range plants was higher , during late 
spring than during fall or winter but they were also more sus-
ceptible to heavy grazing during this period. Generally, increased 
clipping intensities increased both ash and lignin, while protein, 
cellulose , phosphorus, and gross energy decreased. 
In general, the nutrient content was lowest when harvested 
during winter and highest when harvested during the spring. Late 
spring harvests had slightly higher nutritional value than early 
spring and mid-summer harvests had somewhat lower nutrient 
content than either early or late spring. 
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All vigor measurements made the year after treatment ter-
mination showed that all species were significantly affected by 
both season and intensity of defoliation. In all cases, plants that 
were in a lowered state of vigor had shorter and fewer seedstalks, 
shorter current growth, more dead crown cover, and less herbage 
yield than plants in high vigor, even after a year of rest. 
Rate of recovery over a 7-year period was proportional to 
the initial state of vigor, the lower the vigor the less rapid the 
recovery. Nuttall saltbush, winterfat, and Indian ricegrass re-
covered completely after 7 years of rest from all effects of past 
clipping treatments. Big sagebrush recovered comparable to con-
trols except W"hen plants were clipped heavily or when they were 
clipped twice a year (winter and late spring) at moderate or 
heavy intensities. Shadescale and squirreltail grass recovered 
completely only when clipped at light or moderate intensities 
over all periods and black sage recovered to normal only when 
harvested at light intensities during winter or early spring. 
The greatest reductions in fall carbohydrate reserves were 
found when defoliation occurred during rapid growth about May 
1 or at maturity about July 1. The smallest reductions were 
found when defoliation occurred during early spring about April 
1 or during quiescence in the fall or winter. It was concluded that 
the fall level of carbohydrates was a good index of treatment 
severity during the previous year. 
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